This experiment was carried out on potato tubers during the two successive seasons of
INTRODUCTION
Potato (Solanum tuberosum L.) is one of the most important vegetable crops of the family solaneceae. It occupies the fourth place in food crop production worldwide after wheat, maize and rice. The production of potato crop takes the second rank in 2012 after tomato by 4758040 ton According to the Agricultural statistics of Ministry of Agriculture 2013. In Egypt, one of the most important problems which face potato during storage is sprouting especially under unrefrigerated storage conditions. Preventing potato sprouting during storage could be used through different methods i.e., cold storage, dipping in hot water, modified atmosphere storage, chemical materials and physical methods (Daniels-Lake et al 2011). One of these physical methods is ionizing radiation. Ionizing radiation like gamma radiation produced from the sources like Co-60 or Cs-137 preserve potato against sprouting and postharvest disease Asha et al (2011). Ivanesa et al (2016) studied the effect of 100, 150 and 200 Gy of gamma radiation on budding, rot, loss of weight, texture, flesh color, moisture, external and internal appearance, aroma, soluble solids, titratable acidity, vitamin C, protein, starch and glucose of potato cultivar Ágata and indicated that 150 Gy of gamma radiation was the most effective dose to reduce sprouting and post-harvest losses. Also, Abdullah et al (2015) found that 150 Gy proved to be most effective in retarding the sprouting of potatoes stored at ambient conditions and enhancing the shelf life up to 14 days. The results obtained by Mahto and Das (2014) indicated that low doses up to 120 Gy did not increase the susceptibility of potato tubers to rotting. The same authors (2015) found that 50 Gy scored the lowest concentrations of reducing and total sugars of potato tubers. In addition, Rezaee et al (2013) studied the effect of 50 and 100 Gy of gamma rays after harvest using Agria and Marfona (0, 100, 200 , and 300 mg/l) on sprouting of safedmusli (Chlorophytum borivilianum) and concluded that tuber treated with paclobutrazole had lower sprout percent than untreated tubers.
Therefore, the aim of this study was to investigate the effect of gamma irradiation, mint oil, paclobutrazole and their interactions on storability of potato tubers under unrefrigerated storage condition.
MATERIALS AND METHODS
This experiment was carried out during the two successive seasons of 2013/2014 and 2014/2015 at the Department of Natural Products Research, National Center for Radiation Research and Technology, Nasr City, Cairo, Egypt.
The tubers of potato cv. Sponta were cultivated in clay soil during the first and second seasons respectively, at Kaliobeya Governorate, all agricultural practices included soil preparation, fertilization, irrigation, pest management; harvesting and handling were done according to the recommendation of the Ministry of Agriculture and Land Reclamation. Tubers were harvested at 90 days after planting in both seasons then tubers were cured at 29ºC and 90-95% relative humidity for 10 days for skin maturity and healing cuts and injuries occurred during harvesting.
After transportation of tubers to the laboratory, defected tubers and dissimilar in size were eliminated , then tubers were washed and surface was sterilized in 200 ppm sodium hypochlorite solution for 5 minutes, rinsed and dried in well-ventilated room. The tubers were divided into 7 treatments in addition to the control treatment, in 4 replicates, each treatment composed from 2 Kg of potato tubers placed in mesh plastic bags for each treatment.
Gamma irradiation unit is held at the National Center for Radiation Research and TechnologyNasr City. Using Indian unit of Cobalt-60, the radiation dose was 100Gy at the dose rate of 28.5 Gy/h and 27.9 Gy/h in the two successive seasons. Tubers were soaked in 5% of mint oil, of paclobutrazole and a mixture of 5% mint oil plus 100ppm paclobutrazole, 5% mint oil plus 100 Gy of gamma radiation, 100 ppm paclobutrazole plus 100Gy of gamma radiation and mixture of mint oil 5% plus 100ppm paclobutrazole 100ppm plus 100 Gy of gamma radiation for 2 minutes for each treatment and the control treatment( without treatment). During storage period the fallowing parameters were recorded.
1-Physical characters
1-1 Weight loss: Weight loss was recorded at the start of the experiment and at two weeks intervals during the storage period (12 weeks).
1-2 Sprouting:
This was determined by weighing the sprouted tubers and the percent was calculated.
1-3 Shrinkage:
It was determined visually according to the personal evaluation.
1-4 Decay percent:
It was determined according to personal evaluation, where rotted tubers were weighted and the percentage was calculated.
1-5 Total loss:
It is the overall consideration of weight loss, sprouting, shrinkage and. It was calculated as follow: Total loss = weight loss% + Sprouting% + shrinkage% + decay% 1-6 Specefic gravity: The specific gravity of the stored tubers was determined using the following equation 
-Statistical analysis
Data were recorded every 2 weeks, and then were statistically analyzed according to SAS (2006), comparisons among means were evaluated by Duncan ´s Multiple Range Test at 5% level of probability.
RESULTS AND DISCUSSION

1-Weight loss %
It is noticed that the weight loss was started at the fourth storage week in all treatments. Data in Table ( 1) show that after 12 weeks of storage, the highest weight loss percentage was observed. As for the effect of different treatments data show that tubers irradiated with 100 Gy and tubers soaked in paclobutrazole 100 ppm scored the lowest weight loss percent, without significant difference among them. On the other hand, the highest weight loss was recorded in the control, and mint oil at 5 % plus paclobutrazole at 100 ppm treatment. The same trend was observed in the second season. Similar result was obtained by Rezaee et al (2013) in potato tubers irradiated with 100 Gy.
2-Sprouting %
Sprouting percentage as affected by gamma irradiation, mint oil, paclobutrazole and their interaction was presented in Table ( 2) Sprouting was started at eighth week in some treatments. Data show that at 12 weeks after storage, sprouting percent was increased. Regarding the effect of gamma rays, the irradiation of tubers with 100 Gy only and soaking tubers in the paclobutrazole at 100 ppm plus gamma irradiation with 100 Gy led to the lowest sprouting percent without differences among them in both seasons. On contrast, treatment the tubers with mint oil at 5 % only and treatment of tubers with mint oil combined with other tested treatments reflect the highest values of sprouting percentage compared with the control and other tested treatment during the two seasons of study . These results agree with those obtained by
Ivanesa et al (2016) and Rezaee et al (2013).
Sprouting delaying in potato using gamma irradiation was found by Abdullah et al (2015).
3-Shrinkage %
Shrinkage started in the tenth week in all treatments except the irradiated tubers, paclobutrazole + irradiated and paclobutrazole treatments. Regarding the effect of gamma irradiation, mint oil, paclobutrazole and their interaction on shrinkage percentage of tubers, data in Table ( 3) indicate that at 12 th week of storage, shrinkage percent was increased with increasing in storage period. The treatment of tuber with gamma rays at 100 Gy, paclobutrazole at 100 ppm or their combination showed the lowest shrinking percent in both seasons followed by the mixture of gamma irradiation and paclobutrazole in the second season. The noticed shrinkage was increased by extending the storage period, regardless of the tested treatments.
4-Decay %
This study recorded that decay was noticed in the sixth week in tubers treated with mint oil + paclobutrazole. The effect of gamma irradiation, mint oil, paclobutrazole and their interactions on decay percentage was presented in Table (4). It was found that at 12 th week after storage, the decay percent was higher than that at the beginning of the experiment, untreated tubers also soaked in mint oil and the mixture between mint oil and paclobutrazole led to the highest decay percentage, while no rotting was recorded in the irradiated tubers. Those results obtained by Mahto and Das (2014). Other treatments recorded the lowest decay percentage in both seasons and there was no significant difference between them. These Results are comparable to those of Ivanesa et al (2016) who recorded 15% rot after the first seven days in the control samples and 5% rot after 14 days for samples receives 100 Gy of gamma radiation.
5-Total loss %
Total loss of potato tubers was started from the fourth week of storage in all treatments. In Table  ( the lowest total lost percent and there was no significant difference between these treatments in both seasons. Mahto and Das (2014) concluded that low dose gamma radiation (0.05 -0.15 kGy) developed as an effective post-harvest method for potato storage which was successfully controlled the storage losses.
6-Specific gravity %
Data in Table ( 6) show that the increase in specific gravity was linked to the increasing storage period especially at 12 th week post-storage.
The untreated tubers scored the highest specific gravity in both seasons, while the interaction between gamma irradiation and paclobutrazole, paclobutrazole only scored the highest specific gravity in the first and the second seasons, respectively. This result agrees with that obtained by Rezaee et al (2013) who found that 100 Gy increases specific gravity of potato tubers. From previous results, it could be concluded that with an increase in storage period an increase in weight loss, sprouting, shrinkage, decay percentage and total lost was held. This result may be attributed to the high temperature and the increase in respiration which is the major cause as reported by Picha (1986c). Some researchers found that irradiation resulting in a complete loss of growth hormone known as indol acetic acid (IAA) in cell tissues of the buds on the potato tuber (Sharabash, 1995). Paclobutrazole results obtained in this study may be attributed to its role in preventing the production of growth hormone gibberelic acid GA3 (Arteca, 1996) . The essential oils probably delays metabolic changes in potato tubers (Paula et al 2010) , also the presence of monoterpenes in essential oils often serves as a defense mechanism, against insects and microorganism (Vaughn and Spencer, 1991).
7-Total sugars %
The percentage of total sugars in tubers as affected by gamma irradiation, mint oil, paclobutrazole and their interactions is presented in Table ( 7) It was concluded from the data presented that tubers soaked in mint oil solution, paclobutrazol and the combination of three tested treatment, irradiated with 100 Gy and soaked in paclobutrazole and tubers soaked in the solution of mint oil and paclobutrazole scored the highest percent of total sugars in both seasons. The same results were detected by Mahto and Das (2015). In addition, Nouri and Toofanian (2001) indicated that 100 Gy increased total sugars in potato tuber and onion bulbs.
8-Starch content
As for the effect of gamma irradiation, mint oil, paclobutrazole and their interaction on starch content, results in Table ( 8) showed that tubers soaked in mint oil with gamma irradiation and mint oil with gamma irradiation followed by irradiated tubers had higher percent of starch content compared with the other treatments. The obtained results are in agreement with those of Ivanesa et al (2016), who mentioned that tubers subjected to 0.15 kGy of gamma radiation showed a higher percentage of starch than the control ones.
